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Abstract  
     One hundred and sixty-nine samples of urine have been collected through the period from 
December/2016 to May/2017. Were for isolation and identification of Proteus  mirabilis. Isolated from 
urine in patients with UTI. Identification was done by growing on different media and biochemical 
tests as well as the antibiotics susceptibility were studied by using twenty types of antibiotics at acidic 
pH, neutral pH and alkaline or basic pH by disc diffusion method. These antibiotics were involved 
Ciprofloxacin, Amikcin, Meromenem, Imipenem, Ampicillin, Rifampin, Gentamicin, Trimethoprim, 
Tetracycline, Amoxicillin, Sulfamethoxazole, Carbnicillin, Rifaximin, Penicillin-G, Oxolinic acid, 
Bacitracin, Clindamycin, Erthromycin, Novamicin and Aztreomycin. The Ciprofloxacin and 
Aztreomycin have high activity at both acidic and neutral pH, while the Amikcin, Meromenem, 
Imipenem and Ciprofloxacin have high activity at basicity pH against these bacteria.  
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ةصلاخلا  
     عًجج و تئايو تعسحتٍُع ٌىخس  ةزخفنا للاخ راردلاا ٍي زهش ٍي ةذخًًنا واعنا ٍي لولأا ٌىَاك6102  زهش ىناراٌأ  واعنا ٍي
6102ثاٍُعنا ِذه عًج ٍي عزغنا ٌا . ىه شحو لشع .تعئازنا تبهقخًنا اٌزخكب ضٍخعًجج ثاٍُع ا ىػزي ٍي راردلاا ثاباط
جًٍَ ىث تٍنىبنا كناسًنا عنا ِذهخشو تفهخخي تٍعرس ؽاسوا ىهع ثاٍُجظ اىب تطس ةذعجسرد كنذك تٌىٍحىًٍك ثاطىحف  تٍساسحنا
نا ٍي عىَ ٌوزشع واذخخساب اهن تٍئاوذناجسرد .تٌىٍحنا ثاداؼً ٍعنا ِذهن تٍئاوذنا تٍساسحناُاث ذُع صلأا ًٍُجورذٍهنا نا،ًؼياح 
نالداعخً وناًف تيذخخسًنا تٌىٍحنا ثاداؼًنا عاىَا جَاك .صزقنا راشخَا تقٌزط واذخخسأب يذعاق  ًه تسارذنا ِذهٍٍساسكىهفوزبٍسنا ،
ٍٍساكٍيأ ،ىٍُبوزٍي ،ىٍٍُبًٌٍإهٍسٍبيا ،ه ،ٍٍٍٍبيافٌر ،ٍٍسٍياخُج ،ىٌزبىثًٌٍزحسٍسكىيا ،ٍٍهكٌاسازخح ،ه ،ٍٍهلوساسكىثٍيافنىس ،
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ٍٍهٍسٍٍُبراك ،ًٍٍٍسكافٌر ،مٌشُب ٍٍناٍسُب ،غًح كٍٍُنىسكولأا ،ٍٍسازخٍساب ،ٍٍسٌاياذٍُهك ،ٍٍسٌايوزثٌرإ ،َىٍٍسٍياف 
ٍٍسٍيوزثٌسلأاو . ،لداعخًناو ًؼياحنا ًٍُجورذٍهنا صلاا ٍي مك ذُع تٍناع تٍناعف ٍٍسٍيوزثٌسلأاو ٍٍساسكىهفوزبٍسنا ٍي مك كهخيا
 ِذه ذػ يذعاقنا ًٍُجورذٍهنا صلاا ًف تٍناع تٍناعف ٍٍساسكىهفوزبٍسناو ىٍٍُبًٌٍلإا ،ىٍُبوزًٍنا ،ٍٍساكٍيلأا ٍي مك كهخيا اًٍُب
اٌزخكبنا. 
:ةيحاتفولا تاولكلا صلاا ،تٌىٍحنا ثاداؼًنا ،تعئازنا تبهقخًنا اٌزخكب ،تٍنىبنا كناسًنا ثاباطا ًٍُجورذٍهنا. 
 
I. Introduction 
     Urinary tract infections (UTI) medically classified as complicated infections and uncomplicated 
infections [1]. The uncomplicated urinary tract infections typically affect the individuals who are 
healthy of otherwise and contain no structural or abnormalities of neurological urinary tract [2]. These 
infections are differentiated into lower urinary tract infections known as cystitis and upper urinary tract 
infections known as pyelonephritis [3]. The complicated urinary tract infections are defined as 
infections associated with factors that compromise the tract of urinary or defense of host, including 
urinary retention and urinary obstruction caused by neurological disease, renal failure, renal 
transplantation, immune- suppression, pregnancy and the presence of foreign bodies such catheters or 
other devices [4]. 
     The urinary tract infections are the most common clinical indication and causes of severe problems 
for public health and causes economic losses, however; the infections of the urinary tract caused by the 
range of pathogenic bacteria but most prevalence pathogens included P. mirabilis, E. coli, K. 
pneumoniae, E. faecalis and Staph saprophyticus, and in addition, problem include increasing the range 
of antimicrobial resistance among these bacteria [5]. 
     Bacteria Proteus is genera of gram negative bacteria and belonged to the family of 
Enterobacteriaceae, these bacteria were first time described by Hauser in 1885 and can be 
distinguished from other genera by their capacity to form swarms shape on agar surfaces media [6]. 
Proteus mirabilis is pathogens of gram negative bacteria and one of the most common pathogen in 
clinical specimens and can cause several types of hospital acquired diseases such as infections of the 
urinary tract, bloodstream and wounds [7]. Proteus mirabilis and many pathogens of gram negative and 
positive bacteria involved in urinary infections with capacity to form of biofilm [8]. And this increased 
rate of antibiotic resistance [9]. Some literatures reported that factors associated with antibiotics 
resistant prevalent in Proteus mirabilis [10]. 
     Treatment and prevent urinary tract infection with successful start by using different drugs types not 
depends on pathogen susceptibility but also depend on numerous antibiotics and host factors such as 
pH of the urinary tract [11]. However, there are percent of little works has been done and described the 
regarding pH and antibiotic activity against pathogens and therefore only the few agents and 
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uropathogens species have been identified [12] [13]. This is surprising, in addition, that urinary pH 
varies substantially within and across patients and this relatively easy to clinically adjustment and 
effect of this on antibiotic activity against gram negative and positive bacteria [14]. 
Aim of study 
     Determination of the antibiotics sensitivity for bacteria Proteus  mirabilis isolated from urinary tract 
infections at acidic, neutral and alkaline levels for the pH. 
II: Materials and Methods 
Isolation of Proteus  mirabilis bacteria 
     Total one hundred and sixty-nine samples have been collected from urinary tract infection patients 
in the period from December/2016 to May/2017. These for isolation and identification of pathogenic 
Proteus  mirabilis bacteria. The samples were involved urine samples from urinary tract infection for 
isolated of these bacteria. 
Identification of Proteus  mirabilis bacteria 
     The isolates were diagnosed as Proteus  mirabilis species based on the findings of non-lactose 
fermenting colonies on macConkey agar with swarming on blood agar plate, characteristic fishy smell, 
microscopic examination show gram negative pleomorphic bacilli with active motility and the results 
of biochemical tests were negative for Gram stain, Oxidase and Indol. While, were positive for 
Catalase, Methyl red, Voscproscouer, Citrate and Urease. In addition, fermentation of glucose (with 
acid and gas) [15] [16]. 
Antibiotic susceptibility test 
     Muller Hinton agar plates have been used for identifying the susceptibility of antibiotics, this 
carried out by technique of disc diffusion method according to Bauer [17]. And the pH of this medium 
was adjusted at acidic pH with 0.1N of  HCL, neutral pH and alkaline pH with 0.1N of  NaOH by use 
of the PH meter. 
III: Results 
     The one hundred and sixty-nine samples have been collected from urinary tract infected patients, 
one hundred and thirty-three samples were positively growing and found the thirty six isolates were 
identified as Proteus  mirabilis from all isolates. These bacteria were identified by grown on different 
media and screened by several biochemical tests. 
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Figure:1. Percentage of Proteus  mirabilis identified isolated from UTI. 
     Figure (1) the number for total samples was (169) as well as the number and percent of positively 
growing samples and Proteus mirabilis identified samples isolates were (133; 78.69 %) and (36; 21.31 
%) respectively from all samples. 
 
 
 
 
 
 
Figure:2. Antibiotics inhibition zones 
     Figure (2) the antibiotics zones formed on Muller Hinton agar that cultured with Proteus  
mirabilis, as well as explained the Ciprofloxacin antibiotic has largest zone after 24 h from incubation 
period at 37 C°. 
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Table: 1. The number and percent of resistant and sensitive isolates of Proteus  mirabilis against 
different types of antibiotic at pH (5.5) 
 
 
 
No. 
pH = 5.5 
 
 
Antibiotic types 
 
Number 
 of all 
 Isolates 
Number 
 of resistant 
Isolates 
 
Resistant 
percent 
 (%) 
Number  
of 
Sensitive 
Isolates 
 
Sensitive 
percent 
 (%) 
1 Amikcin30 μg 35 13 37.142% 22 62.857% 
2 Meromenem10 μg 35 9 25.714% 26 74.285% 
3 Imipenem10 μg 35 18 51.428% 17 48.571% 
4 Ampicillin10 μg 35 35 100% 0 0% 
5 Rifampin5 μg 35 29 82.857% 6 17.142% 
6 Gentamicin10 μg 35 20 57.142% 15 42.857% 
7 Ciprofloxacin5 μg 35 3 8.571% 32 91.482% 
8 Trimethoprim10 μg 35 28 80% 7 20% 
9 Tetracycline30 μg 35 35 100% 0 0% 
10 Amoxicillin15 μg 35 35 100% 0 0% 
11 Erthromycin15 μg 35 35 100% 0 0% 
12 Novamicin30 μg 35 27 77.142% 8 22.857% 
13 Aztreomycin30 μg 35 4 11.428% 31 88.571% 
14 Sulfamethoxazole25 μg 35 32 91.428% 3 8.571% 
15 Carbnicillin100 μg 35 35 100% 0 0% 
16 Rifaximin40  μg 35 24 68.571% 11 31.428% 
17 Penicillin-G10 μg 35 35 100% 0 0% 
18 Oxolinic acid2 μg 35 31 88.571% 4 11.428% 
19 Bacitracin10 μg 35 28 80% 7 20% 
20 Clindamycin5 μg 35 31 88.571% 4 11.428% 
      
     Table (1) the Proteus mirabilis isolates at pH =(5.5) were resistant to (Ampicillin), (Tetracycline), 
(Amoxicillin), (Erthromycin) and (Penicillin) antibiotics, which all have numbered and percent of 
resistant isolates were (35) and (100%), whereas these bacteria were less resistant to (Ciprofloxacin) 
and (Aztreomycin) antibiotics at same pH which have numbered and percent of sensitive isolates were 
(32), (91.482%) and (31), (88.571%) respectively. 
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Table: 2. The number and percent of resistant and sensitive isolates of Proteus  mirabilis against 
different types of antibiotic at pH (7) 
 
 
 
No. 
pH = 7 
 
 
Antibiotic types 
 
Number 
 of all 
 Isolates 
Number 
 of resistant 
Isolates 
 
Resistant 
percent 
 (%) 
Number  
of 
Sensitive 
Isolates 
 
Sensitive 
percent 
 (%) 
1 Amikcin30 μg 35 8 22.857% 27 77.142% 
2 Meromenem10 μg 35 8 22.857% 27 77.142% 
3 Imipenem10 μg 35 11 31.428% 24 68.571% 
4 Ampicillin10 μg 35 35 100% 0 0% 
5 Rifampin5 μg 35 29 82.857% 6 17.142% 
6 Gentamicin10 μg 35 21 60% 14 40% 
7 Ciprofloxacin5 μg 35 3 8.571% 32 91.428% 
8 Trimethoprim10 μg 35 28 80% 7 20% 
9 Tetracycline30 μg 35 35 100% 0 0% 
10 Amoxicillin15 μg 35 35 100% 0 0% 
11 Erthromycin15 μg 35 35 100% 0 0% 
12 Novamicin30 μg 35 27 77.142% 8 22.857% 
13 Aztreomycin30 μg 35 4 11.428% 31 88.571% 
14 Sulfamethoxazole25 μg 35 30 85.714% 5 14.285% 
15 Carbnicillin100 μg 35 31 88.571% 4 11.428% 
16 Rifaximin40  μg 35 19 54.285% 16 45.714% 
17 Penicillin-G10 μg 35 33 94.285% 2 5.714% 
18 Oxolinic acid2 μg 35 28 80% 7 20% 
19 Bacitracin10 μg 35 16 45.714% 19 54.285% 
20 Clindamycin5 μg 35 31 88.571% 4 11.428% 
 
     Table (2) the Proteus mirabilis isolates at pH =(7) were resistant to (Ampicillin), (Tetracycline), 
(Amoxicillin), (Erthromycin) and (Penicillin) antibiotics which all have number and percent of resistant 
isolates were (35) and (100%), whereas these bacteria were less resistant to (Ciprofloxacin) and 
(Aztreomycin) antibiotics at same pH which have number and percent of sensitive isolates were (32), 
(91.482%) and (31), (88.571%) respectively. 
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Table: 3. The number and percent of resistant and sensitive isolates of Proteus  mirabilis against 
different types of antibiotic at pH (8.5) 
 
 
No. 
pH = 8.5 
 
 
Antibiotic types 
 
Number 
 of all 
 Isolates 
Number 
 of resistant 
Isolates 
 
Resistant 
percent 
 (%) 
Number  
of 
Sensitive 
Isolates 
 
Sensitive 
percent 
 (%) 
1 Amikcin30 μg 35 3 8.571% 32 91.428% 
2 Meromenem10 μg 35 4 11.428% 31 88.571% 
3 Imipenem10 μg 35 4 11.428% 31 88.571% 
4 Ampicillin10 μg 35 35 100% 0 0% 
5 Rifampin5 μg 35 29 82.857% 6 17.142% 
6 Gentamicin10 μg 35 31 88.571% 4 11.428% 
7 Ciprofloxacin5 μg 35 0 0% 35 100% 
8 Trimethoprim10 μg 35 30 85.714% 5 14.285% 
9 Tetracycline30 μg 35 35 100% 0 0% 
10 Amoxicillin15 μg 35 35 100% 0 0% 
11 Erthromycin15 μg 35 35 100% 0 0% 
12 Novamicin30 μg 35 12 34.285% 23 65.714% 
13 Aztreomycin30 μg 35 15 42.857% 20 57.142% 
14 Sulfamethoxazole25 μg 35 30 85.714% 5 14.285% 
15 Carbnicillin100 μg 35 31 88.571% 4 11.428% 
16 Rifaximin40  μg 35 18 51.428% 17 48.571% 
17 Penicillin-G10 μg 35 34 97.142% 1 2.857% 
18 Oxolinic acid2 μg 35 30 85.714% 5 14.285% 
19 Bacitracin10 μg 35 29 82.857% 6 17.142% 
20 Clindamycin5 μg 35 33 94.285% 2 5.714% 
 
     Table (3) the Proteus mirabilis isolates at PH =(8.5) were resistant to (Ampicillin), (Tetracycline), 
(Amoxicillin), (Erthromycin) and (Penicillin) antibiotics which all have number and percent of resistant 
isolates were (35) and (100%), whereas these bacteria were less resistant to (Ciprofloxacin) and 
(Amikcin) antibiotics at same pH which have number and percent of sensitive isolates were (35), 
(100%) and (32), (91.428%) respectively. 
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Figure: 3. Comparison between the number of Proteus  mirabilis resistant isolates at pH (5.5, 7 
and 8.5) 
     Figure (3) the comparison between the number of Proteus  mirabilis resistant isolates at pH (5.5, 7 
and 8.5) were more resistant against (Clindamycin), (Oxolinic acid), (Penicillin-G), (Carbnicillin), 
(Sulfamethoxazole), (Erthromycin), (Amoxicillin), (Tetracycline), (Trimethoprim) and (Ampicillin). 
 
 
 
 
 
 
 
 
Figure: 4. Comparison between the percent of Proteus  mirabilis sensitive isolates at pH (5.5, 7 
and 8.5) 
    Figure: 4. Comparison between the percent of Proteus  mirabilis sensitive isolates at pH (5.5, 7 
and 8.5) 
 Figure (4) the comparison between the percent of Proteus  mirabilis sensitive isolates at pH (5.5, 7 and 
8.5) were more sensitive against (Ciprofloxacin), (Imipenem), (Meromenem), (Amikcin) and 
(Aztreomycin). 
     Figure (1) showed the percent of Proteus  mirabilis identified isolates isolated from urinary tract 
infection was (21.31%), and figure (2) explained the inhibition zones of different antibiotics types with 
different sizes against these bacteria. 
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     Table (1) found the number and percent of resistant isolates of Proteus  mirabilis against types of 
antibiotic at pH (5.5) were higher at, Ampicillin 35(100%), Rifampin 29(82.857%), Trimethoprim 
28(80%),  Tetracycline 35(100%), Amoxicillin 35 (100%), Erthromycin 35(100%), Novamicin 
27(77.142%), Sulfamethoxazole 32(91.428%), Carbnicillin 35(100%), Rifaximin 24(68.571%), 
Penicillin-G 35(100%), Oxolinic acid 31(88.571%), Bacitracin 28(80%) and Clindamycin 
31(88.571%). (table: 2) at pH (7) were higher at Ampicillin 35(100%), Rifampin 29(82.857%), 
Trimethoprim 28(80%), Tetracycline 35(100%), Amoxicillin 35 (100%), Erthromycin 35(100%), 
Novamicin 27(77.142%), Sulfamethoxazole 30(85.714%), Carbnicillin 31(88.571%), Rifaximin 
19(54.285%), Penicillin-G 33(94.285%), Oxolinic acid 28(80%), Bacitracin 16(45.714%) and 
Clindamycin 31(88.571%). And (table: 3) at pH (8.5) were higher at Ampicillin 35(100%), Rifampin 
29(82.857%), Trimethoprim 30(85.714%), Tetracycline 35(100%), Amoxicillin 35 (100%), 
Erthromycin 35(100%), Novamicin 12(34.285%), Sulfamethoxazole 30(85.714%), Carbnicillin 
31(88.571%), Rifaximin 18(51.428%), Penicillin-G 34(97.142%), Oxolinic acid 30(85.714%), 
Bacitracin 29(82.857%) and Clindamycin 33 (94.285%). 
     Table (1) explained the number and percent of sensitive isolates of Proteus  mirabilis against types 
of antibiotic at pH (5.5) were higher at Amikcin 22(62.857%), Meromenem 26(74.285%), Imipenem 
17(48.571%), Gentamicin 15(42.857%), Ciprofloxacin 32(91.482%) and Aztreomycin 31(88.571%). 
(table:2) at pH (7) were higher at Amikcin 27(77.142%), Meromenem 27(77.142%), Imipenem 
24(68.571%), Gentamicin 14(40%), Ciprofloxacin 32(91.428%) and Aztreomycin 31(88.571%). And 
(table:3) at pH (8.5) were higher at Amikcin 32(91.428%), Meromenem 31(88.571%),  Imipenem 
31(88.571%), Gentamicin 4(11.428%), Ciprofloxacin 35(100%) and Aztreomycin 20(57.142%). 
     Figure (3). comparison between the number of Proteus  mirabilis resistant isolates at pH (5.5, 7 and 
8.5). As well as figure (4). comparison between percent of Proteus  mirabilis sensitive isolates at pH 
(5.5, 7 and 8.5). These figures showed the presence of differences between responses of these bacteria 
against different antibiotic types at different pH concentrations.   
IV: Discussion 
     When compared these results (figure:1) with the results for other studies, found the current results 
were agreed with Salih et al who found the percent of the Proteus  mirabilis isolates from urinary tract 
infection was (21.7%) [18]. And disagreed with Abuhandan et al who found the percent of the Proteus  
mirabilis isolates from urinary tract infection was (8.4%) [19]. 
     And when compared the present results (tables: 1, 2 and 3) with the results for other researchers, 
found the results for Cernohorska and Chvilova who found the resistant isolates of  P. mirabilis were 
against Ampicillin 82(38.5 %), Gentamicin 54(25.4 %), Aztreomycin 8(3.8 %) and no resistance to 
Imipenem as well as to Meropenem [20]. The results for Pandey et al who found highly susceptible to 
Gentamycin, Amikacin and Ciprofloxacin as well as exhibited resistance to ampicillin [21]. Results for 
Rashmi who found (100%) sensitive to Imipenem and (50%) to Amikacin [22]. Results for Feglo et al 
who found generally susceptible to Gentamicin and Amikacin while exhibited resistance to Ampicillin 
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and Tetracycline [23]. And results for Singla et al who found the number and percent of susceptible 
Proteus  mirabilis isolates were Ampicillin 0(0.0%), Gentamicin 51(71.4%), Amikacin 62(88.5%), 
Ciprofloxacin 61(87.1%), Imipenem 53(75.7%), Meropenem 67(95.7%) and Aztreomycin 65(92.8%), 
While the resistant isolates were Ampicillin 70(100%), Gentamicin 19(28.5%), Amikacin 8(11.4%), 
Ciprofloxacin 9(12.8%), Imipenem 17(24.2%), Meropenem 3(4.3%) and Aztreomycin 5(7.1%) [24]. 
(Singla et al., 2015). In study for Philips who found this bacteria not susceptible to Erythromycin, 
Ampicillin and Amoxicillin but susceptible to Ciprofloxacin and Gentamicin [25]. 
     The pH for urinary tract can widely change from the acidic environment equal to 4.5 with alkaline 
environment equal to 8 [26]. And the values outside this range are may be rare and induce damage for 
tissue and formation of abnormal components like stones and salts [14]. However, Foster and 
Woodruff are first concluded that pH could influence the activity of Penicillin [27]. Indeed, little work 
has been donning for investigated the effect of pH on antibiotic activity [14]. 
     The fluoroquinolones are widely used in treatment of urinary tract for both pyelonephritis and 
complicated infections [28]. However, the rates of resistance are still low in Europe and North 
America, but may trend of increasing resistance and this suggesting changes for its utility [29] [30]. 
Investigated studies in previous for these agents shown higher activities at highest of pH [11] [13]. This 
because increased interactions with membrane lipids and porins at high pH and this favorite for 
increase of antibiotic accumulation inside bacteria [31] [32]. This supports using alkalinizing agents 
with these antibiotics to increase its bactericidal activity [13]. However, in studying for Irwin et al who 
found the  elevation pH of media from 5 to 9 caused a decrease in activity of fluoroquinolones against 
P. mirabilis, but the rates of kill for these antibiotics were most rapid at pH 7 [33]. 
     Gentamicin antibiotic commonly used in urinary tract treatment with differences in its activity 
between pH (5 and 8) [14]. Studies in previously involving numerous of microorganisms have similar 
findings [34] [35]. However, because the increase of electrical potential across the membrane of 
bacteria at higher pH leading to elevate of antibiotic uptake [34]. Studies have shown uptake of this 
antibiotic is reduced under conditions of alkaline [36].  
     The trimethoprim and sulphamethoxazole activity against enterococci with higher pH, no depth in 
analysis concerning these agents and pH could be present [37]. b-Lactams antibiotics are generally not 
recommended as first line therapy for treatment urinary tract infections unless certain pathogens are 
implicated [29]. 
Conclusions 
          The activity of the antibiotics against Proteus mirabilis bacteria were, Ciprofloxacin equal 
91.482% at both acidic and neutral pH, whereas the Amikcin and Ciprofloxacin equal 91.428% and 
100%  respectively at basicity pH. 
 
141 
Journal of University of Babylon, Pure and Applied Sciences,Vol.(26), No.(5): 2018 
253 
 
References 
1. Tan, C.T. and Chlebicki, M.P. (2016). Urinary tract infections in adults. Singapore Med J. 57(9): 485-
490. 
2. Hooton, T.M. (2012). Uncomplicated urinary tract infection. New Engl J Med. 366: 1028–1037. 
3. Hannan T.J.; Totsika, M.; Mansfield,K.J.; Moore, K.H.; Schembri, M.A. and Hultgren, S.J. (2012). 
Host–pathogen checkpoints and population bottlenecks in persistent and intracellular uropathogenic 
Escherichia coli bladder infection. FEMS Microbiol Rev. 36: 616–648. 
4. Levison, M.E. and Kaye, D. (2013). Treatment of complicated urinary tract infections with an 
emphasis on drug-resistant Gram-negative uropathogens. Curr Infect Dis Rep. 15:109–115. 
5. Flores-Mireles, A.L.; Walker, J.N.; Caparon, M. and Hultgren, S.J. (2015). Urinary tract infections: 
epidemiology, mechanisms of infection and treatment options. Nature Reviews Microbiology. 13: 269–
284. 
6. Rozalski, A.; Torzewska, A.; Moryl, M.; Kwil, I.; Maszewska, A.; Ostrowska, K.; Drzewiecka, D.; 
Zablotni, A.; Palusiaj, A.; Siwinska, M. and Staczek, M. (2012). Proteus sp. – an opportunistic 
bacterial pathogen – classification, swarming growth, clinical significance and virulence factors. Folia 
Biologica et Oecologica. 8: 1–17. 
7. Huang, Y.; Xu, Y.;  Wang, Z. and Lin, X. (2014). Antimicrobial Resistance and Genotype Analysis of 
Extended-Spectrum-β- Lactamase-Producing Proteus Mirabilis. Open Journal of Clinical Diagnostics. 
4: 57-62. 
8. Bonkat, G.; Widmer, A.F.; Rieken, M.; van der Merwe, A.; Braissant, O.; Muller, G.; Wyler, S.; Frei, 
R.; Gasser, T.C. and Bachmann, A. (2013). Microbial biofilm formation and catheter-associated 
bacteriuria in patients with suprapubic catheterisation. World J Urol. 31: 565–571. 
9. Alves, M.J.; Joao, C.M.B.; Carvalho, I.; Trinta, L.; Perreira, L.; Isabel C.F.R.F. and Pintado, M. (2014). 
Propensity for biofilm formation by clinical isolates from urinary tract infections: developing a 
multifactorial predictive model to improve antibiotherapy. Journal of Medical Microbiology. 63, 471–
477. 
10. Arnoldo, L.; Migliavacca, R.; Regattin, L.; Raglio, A.; Pagani, L.; Nucleo, E.; Spalla, M.; Vailati, F.; 
Agodi, A.; Mosca, A.; Zotti, C.; Tardivo, S.; Bianco, I.; Rulli, A.; Gualdi, P.; Panetta, P.; Pasini, C.; 
Pedroni, M. and Brusaferro, S. (2013). Prevalence of Urinary Colonization by Extended Spectrum-
Beta-Lactamase Enterobacteriaceae among Catheterised Inpatients in Italian Long Term Care 
Facilities. BMC Infectious Diseases. doi: 10.1186/1471-2334-13-124. 
11. Kamberi, M.; Tsutsumi, K.; Kotegawa, T.; Kawano, K.; Nakamura, K.; Niki, Y. and Nakano, S. 
(1999). Influences of urinary pH on ciprofloxacin pharmacokinetics in humans and antimicrobial 
activity in vitro versus those of sparfloxacin. Antimicrob Agents Chemother. 43: 525-529. 
12. Falagas, M.E.; McDermott, L. and Snydman, D.R. (1997). Effect of pH on in vitro antimicrobial 
susceptibility of the Bacteroides fragilis group. Antimicrob Agents Chemother.41: 2047-2049. 
13. Erdogan-Yildirim, Z.; Burian, A.; Manaf,i M. and Zeitlinger, M. (2011). Impact of pH on bacterial 
growth and activity of recent fluoroquinolones in pooled urine. Res Microbiol. 162: 249-252. 
14. Yang, L.; Wang, K.; Li, H.; John, D.D. and Peter, A.C. (2014). The Influence of Urinary pH on 
Antibiotic Efficacy Against Bacterial Uropathogens. Urology. 84(3): 731.e1-731.e7. 
15. Holt, J.G.; Krieg, N.R.; Sneath, P.H.A.; Staley, J.T. and Williams, S.T.  (1994). Bergy's manual of 
determinative bacteriology. 9th ed. Williams and Wilkins, Baltimore, USA. 
142 
Journal of University of Babylon, Pure and Applied Sciences,Vol.(26), No.(5): 2018 
254 
 
16. Hussein, E.F. (2016). Isolation, Identification and Antibiotic Susceptibility of pathogenic Bacteria 
Isolated from Clinical Samples. IOSR Journal of Pharmacy and Biological Sciences (IOSR-JPBS). 
11(4): 27-39. 
17. Bauer, A.W.; Kirby, W.M.M.; Sherris, J.C. and Turck, M. (1966). Antibiotic susceptibility testing by a 
standardized single disk method. Am. J. Clin. Pathol., 45: 493 496. 
18. Salih, M.K.; Alrabadi, N.I.; Thalij, K.M. and Hussien, A.S. (2016). Isolation of Pathogenic Gram-
Negative Bacteria from Urinary Tract Infected Patients. Open Journal of Medical Microbiology. 6: 59-
65. 
19. Abuhandan, M.; Guzel, B.; Yeşim Oymak, Y. and Ciftci, H. (2013). Antibiotic sensitivity and 
resistance in children with urinary tract infection in Sanliurfa. Turk J Urol. 39(2): 106–110.      
20. Cernohorska, L. and Chvilova, E. (2011). Proteus mirabilis isolated from urine, resistance to antibiotics 
and biofilm formation. Klin Mikrobiol Infekc Lek. 17(3): 81-85.  
21. Pandey, J.K.; Narayan, A. and Tyagi, S. (2013).  Prevalence of Proteus species in clinical samples, 
antibiotic sensitivity pattern and ESBL production.  Int.J.Curr.Microbiol.App.Sci. 2(10): 253-261. 
22. Rashmi, M.B. (2015).  Incidence of β-lactamases Among Novel Multidrug Resistant Clinical Isolates 
of UTI Patients: An Antimicrobial Resistance Surveillance Study. Science Research. 3(6): 329-343. 
23. Feglo, P.K.; Gbedema, S.Y.; Quay, S.N.A.; Yaw Adu-Sarkodie, Y. and Clement Opoku-Okrah, C. 
(2010).  Occurrence, species distribution and antibiotic resistance of Proteus isolates: A case study at 
the Komfo Anokye Teaching Hospital (KATH) in Ghana. International Journal of Pharma Sciences 
and Research. 1(9): 347-352. 
24. Singla, P.; Sangwa, J.; Garg, S. and Chaudhary, U. (2015). Prevalence and Antibiogram of Multidrug 
resistant Uropathogenic Isolates of Proteus mirabilis in a Teaching Tertiary Care Hospital. 
Int.J.Curr.Microbiol.App.Sci. 4(12): 675-682.  
25. Philips. O.O. (2014). Antibiogram Study of Proteus spp. Bacterial Isolates from Uropathogenic 
Infection in University of Benin Teaching Hospital, Nigeria. Curr. Res. Bacteriol. 7(1): 12-21. 
26. Gerber, G.S. and Brendler, C.B. (2012). Evaluation of the urologic patient: history, physical 
examination, and urinalysis. In: Wein AJ, Kavoussi LR, Novick AC, et al., eds. Campbell’s Urology. 
10th ed. Philadelphia, PA: Saunders: 86. 
27. Foster, J.W. and Woodruff, H.B. (1943). Microbiological aspects of penicillin: I. Methods of Assay. J 
Bacteriol. 46: 187-202. 
28. Schaeffer, A.J. (2002). The expanding role of fluoroquinolones. Amer J Med. 113:45-54. 
29. Gupta, K.; Hooton, T.M. Naber, K.G. Wullt, B.; Colgan, R.; Miller, L.G.; Moran, G.J.; Nicolle, L.E.; 
Raz, R.; Schaeffer, A.J. and Soper, D.E. (2011). International clinical practice guidelines for the 
treatment of acute uncomplicated cystitis and pyelonephritis in women. A 2010 update by the 
Infectious Diseases Society of America and the European Society for Microbiology and Infectious 
Diseases. Clin Infect Dis. 52: 103-120. 
30. Dalhoff, A. (2012). Resistance surveillance studies: a multifaceted problem the fluoroquinolone 
example. Infect. 40: 239-262. 
31. Piddock, L.J. (1991). Mechanism of quinolone uptake into bacterial cells. J Antimicrob Chemother. 
27:399-403. 
32. Danelon, C.; Nestorovich, E.M.; Winterhalter, M.; and et al (2006). Interaction of zwitterionic 
penicillins with the OmpF channel facilitates their translocation. Biophys J. 90:1617-1627. 
143 
Journal of University of Babylon, Pure and Applied Sciences,Vol.(26), No.(5): 2018 
255 
 
33. Irwin, N.J.; McCoy, C.P. and Carson, L. (2013). Effect of pH on the in vitro susceptibility of 
planktonic and biofilm-grown Proteus mirabilis to the quinolone antimicrobials. Journal of Applied 
Microbiology. 115: 382-389. 
34. Eisenberg, E.S.; Mandel, L.J.; Kaback, H.R. and Miller, M.H. (1984). Quantitative association between 
electrical potential across the cytoplasmic membrane and early gentamicin uptake and killing in 
Staphylococcus aureus. J Bacteriol. 157:863-867. 
35. Schlessinger, D. (1988). Failure of aminoglycoside antibiotics to kill anaerobic, low-pH, and resistant 
cultures. Clin Microbiol Rev.;1:54-59. 
36. Lui, E.C. and Bendayan, R. (1998). Gentamicin uptake by LLCPK1 cells: effect of intracellular and 
extracellular pH changes. Can J Physiol Pharmacol. 76: 155-160. 
37. Zervos, M.J. and Schaberg, D.R. (1985). Reversal of the in vitro susceptibility of enterococci to 
trimethoprim-sulfamethoxazole by folinic acid. Antimicrob Agents Chemother. 28:446-4 
144 
